Borna Disease Virus (BDV) causes a progressive non-suppurative meningoencephalitis that sometimes occurs in mortality; this disease has been reported for over two centuries ago in horses, sheep and cats in Central Europe and some regions of Asia. Currently, it is known that it causes neurological symptoms in various species of vertebrates including human beings. In Yucatan, Mexico, there is a single serological report about the circulation of BDV in schizophrenia patients; however, nothing is known about the circulation in animals. We obtained serum samples of 100 horses without apparent clinical signs caused by BDV infection, from various sites in the region. Antibodies against BDV were detected by electrochemiluminescence immunoassay (ECLIA) method with three recombinant proteins: BDV p24, BDV p40 and BDV p10 as antigens; obtaining a high seroprevalence of 44% (44/100). This study generates the first report of the probable activity of the BDV in healthy horses in Mexico and has expanded the infiltration area of BDV in the world. Nevertheless, several molecular investigations are required to detect BDV-RNA circulating and find sequences for clarification of the origin of BDV in Mexican horses.
and neurotrophic, with a genome of approximately 8.9 Kb. It is the only member of the family Bornaviridae within the order Mononegavirales [1] . The BDV genome contains six major open reading frames (ORFs). Four strains of BDV have been described: Borna V, Borna HE/80, Borna No/98 and Borna H1766. Strain H1766 has 95% -98% homology with strains V and He/80, and only 81% with Borna No/98. Other minor variants have been reported as avian Bornavirus [2] . BDV infection causes disease in the central nervous system (CNS) of many vertebrate species, which is frequently manifested by behavioural abnormalities and even fatalities [3] .
Recognized since 18th century ends, BDV natural infection was present in horses and sheep in central Europe and Asia. Currently, natural infection has been characterized in a broad range of hosts worldwide, suggesting that the range of hosts, as well as its geographic distribution and rates of prevalence, have been underestimated [3] . Furthermore, mounting evidence indicates that BDV infection occurs in human beings and that it may be related to neuropsychiatric diseases [4] .
BDV infection in horses causes a fatal immune-mediated neurological disorder, characterized by a severe, progressive non-suppurative meningoencephalomyelitis with massive perivascular and parenchymal infiltration, with a predilection for the grey matter of brain, brainstem and hippocampus. The present clinical signs (ataxia, somnolence, depression, and gait abnormalities) are mainly related to CNS abnormalities [4] [5] . The incubation period of Borna disease ranges widely, from two weeks to several months [6] . Most cases of Equine Borna Disease (EBD) have been reported from Central Europe. However, BDV infection markers in horses have been reported worldwide [3] . This study illustrates the first evidence of antibodies against BDV infection in clinical healthy horses, and also generates the first report of the probable activity of BDV in animals from Mexico.
Materials and Methods

Sampling
From July to October, 2002, blood samples (5 ml) were taken from the jugular vein from domestic horses (Equus caballus) in four study sites (Figure 1) , using Vacutainers tubes (Dickinson and Co, USA) with ethylenediaminetetraacetic acid (EDTA) as anticoagulant. The blood samples were immediately centrifuged and sera were preserved at −80˚C until use in the serological analysis.
Horse owners in selected study sites, were asked to participate in the study and consent was gained to bleed the horses. Owners reported that the horses never have left Mexico or come from abroad.
The climate of the study sites is tropical with an average annual temperature of 26˚C. The average annual rainfall in each study site ranges from 600 to 1100 mm.
Clinical and neurological examinations of the sampled horses were performed by an expert veterinarian team.
Electrochemiluminescence Immunoassay System
Anti-BDV antibodies were detected in the serum samples by a electrochemiluminescence immunoassay system (ECLIA), using as antigens two recombinant proteins described by Yamaguchi et al. [7] [8]: BDVp24 and BDV p40. P40 corresponds to the viral nucleoprotein (N) and p24 to the phosphoprotein (P). Also, we used a peptide BDV p10 protein. The ECLIA system is a highly sensitive and specific serological screening tool for the measurement of anti-BDV antibodies to BDV p24 and BDV p40 in human beings and animal serum samples [9] . Following the methodology of Yamaguchi et al. [7] [8], a sample was considered temporarily positive in the first screening, if the mean ECLIA account was higher than the cutoff accounts (1,000) against mixed proteins (p10, p24 and p40). This is based on the mean plus two standard deviations of ECLIA accounts of samples horses which had been confirmed as seronegative for BDV by indirect immunofluorescence assay (IFA). The ECLIA account was computed by an automatic ECLIA analyzer (Sanko Junyaku Co®, Tokyo, Japan) based on optical density at 620 nm.
The temporarily positive sera, were reexamined with the following inhibition test to confirm the specificity. Each sample was incubated for 15 minutes at 37˚C, with PBS containing 10% rabbit serum and recombinant proteins. Serum samples incubated with PBS containing 10% serum alone, served as a control. A serum sample was declared anti-BDV antibody positive if the ECLIA account was inhibited to more than 50% of the control accounts [7] [8] . These positives samples were further examined again by ECLIA respectively for p10, p24 and p40. 
Results
A total of 100 local horses without apparent clinical signs caused by BDV infection were sampled ( Table 1) . The age distribution of the horses was from 1 to 28 years; the mean age was 9.3 years. 37% (37/100) of horses were female and 63% (63/100) were male. The horses were separated according their zootechnical purpose as shown in Table 2 . The feral horses did not have any vaccine, the other horses received vaccines against Rabies Virus and tetanus. Also, 49 horses had Venezuelan Encephalitis Equine Virus (VEEV) vaccine.
As shown in Table 2 , 44% (44/100) of the horses were judged as seropositive for anti-BDV antibodies by the ECLIA method. The higher seropositive percentage (11%) was for jumping and ranch horses, and the lowest percentage (4%) was for "charro" horses. 10% (10/100) of the horses were counted as BDV seropositive against the p40 recombinant protein and only 1% (1/100) was positive for p24 + p40 recombinant proteins. At least one horse of each zootechnical purpose and age was seropositive. All recombinant proteins used had reacted with at least one serum sample.
Discussion
This study reports the first serological evidence of BDV circulation in healthy horses from Mexico. Although Mexico never was considered an endemic country for EBD, our seroprevalence percentage reported (44%) is as high as that found in endemic regions. Likewise, ours results reveals and supports that BDV circulation is commonly found in horses and other species in the absence of observable clinical signs [3] [10]. We suspect that one possible route of transmission of BDV is by migratory birds, because wild birds have been indicated as potential reservoirs [3] [11]; the Yucatan Peninsula is a point where converge multiples species of migratory birds that can be in contact with livestock and eventually with horses [12] . Additionally, we know that currently, there are no specific restrictions, tests or reporting requirements for horses being imported into Mexico from EBD endemic areas. Thus, within the context of increasing movements of horses internationally, veterinarians should be aware of Borna disease and consider it as a differential diagnosis for any horse, with a history of travel to or from an endemic area, and that presents with central nervous signs [13] .
The prevalence of BDV-seropositive by ECLIA in the whole horse material used in this study, was 44% (44/ 100) ( Table 2) . These positive antibody reactions were observed in asymptomatic horses; this fact is equal to that reported by several investigators in different countries as Japan [9] [14], Sweden [15] Zootechnical purpose p10 + p24 + p40 (%) p10 + p24 (%) p10 + p40 (%) p24 + p40 (%) p40 (%) p10 (%) p24 (%) Total (%)
Turkey [17] , Finland [18] and Italy [19] . Additionality, in Japan [20] and France [21] , were reported RNA-positive BDV infection also in healthy horses. Our report expanded the infiltration area of BDV circulation in the world. In comparison with previous serological studies made in asymptomatic horses, the seroprevalence of our research was superior to several reports made in endemic countries such as Japan [14] [22], Sweden [15] , Bangladesh [16] , France [23] , China [10] [24], Turkey [17] [25], Australia [26] , Italy [19] and Finland [18] . A serological report made in Japan [9] , shows similitude with the percent of seroprevalence of our research. By the other hand, Berg et al. [15] and Björnsdóttir et al. [13] , reported a superior seroprevalence than ours but in symptomatic horses. In Central America, there is a unique molecular report, made by Barrantes-Rodríguez et al. [27] , of the circulation of BDV in Costa Rican healthy horses.
How BDV is transmitted among horses, remains unclear. BDV-specific RNA has been detected in the saliva, nasal secretions and conjunctival fluid of horses with neurological clinical signs, so BDV may be is transmitted through physiological contact with these secretions of infected horses [28] . This supports the hypothesis made by Inoue et al. [9] , that transmission of BDV can be more common in horses with close contact compared with horses in feral practice. Most of the seropositive horses in this study were ranch horses and jumping horses, where bovine, equine and swine farms are very common; this fact suggests that infection is endemic and that BDV was probably transmitted from horse to horse [27] .
In Yucatan, the only evidence of the circulation of BDV was in schizophrenic patients [29] , so nothing was known about the circulation in animals, this probably to the lack of differential diagnosis in horses or others domestic animals with nervous symptomatology. Although serological prevalence is high, it is recommended make several molecular studies to determine accurately the circulation of BDV [26] . Further investigation is required to detect BDV-RNA and to find some characteristic sequences for clarification of the origin of BDV in Mexican horses. Likewise, it is necessary to expand the species (domestic and wild) that is now known, are involved in the infection cycle, and make a new sampling in horses, since, over the years, the seropositive percentage can be different.
Conclusion
This study presents the first evidence of antibodies against to BDV in horses without neurological signs from Mexico. The questions of how Bornavirus has entered the country and to what extent markers of Bornavirus infection can be found in humans and animals in Mexico, remain to be answered; for this, further molecular investigation is required, also for characterization of the etiological agents of nervous disorders in horses from Mexico.
